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1. Local excitations

2. Lattice excitations

3. Perspectives
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Crystal electric field in Ce3+
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Temperature dependence of excitation spectra

 Boltzmann statistics over discrete energy levels



Local excitations: summary

• Geometry dependent modulations of cross section

• Temperature dependence = Boltzmann statistics over discrete levels

• CEF theory describes local excitation spectra well
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 q dependence at low T, q independent response at high T

Murani et al. PRB 53, 2641 (1996)

Fanelli et al. J. Phys. Cond. Mat. 26, 25602 (2014) Goremychkin et al. Science 359, 186 (2018)

 T dependence already reproduced by Anderson 

impurity models

 q dependence requires a lattice model

 Measuring low energy excitations (T, q) dependently

allows to test theories of Kondo/Anderson lattices

 Strong experimental input from RIXS



Temperature dependence

Galera et al. J. Magn. Magn. Mat. 63-64, 594 (1987)

Murani et al. PRB 53, 2641 (1996)

 Strong T dependence with broad inelastic response at low T

and quasi-elastic excitations at room temperature
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q dependence
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Conclusions and outlook
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 Local systems 

• CEF theory describes RIXS spectra well

• A more predictive theory for local excitations?

• Direct information on local vs itinerant character of the 4f

 Lattice systems

• Kondo lattices, intermediate-valent systems, systems with sharp valence transitions, …

 Rare-earth magnets

 Dimensionally confined systems, artificial structures, …

 Spin-waves in 4f metals

Andrea Amorese



 Instrumentation 

• Resolution !!!

 Theory

• Faster codes for CEF theory.

• Advanced ab initio theories for 4f systems.

• RIXS experiments can give strong input not accessible to other techniques.

Conclusions and outlook

Hancock et al. PRB 98, 075158 (2018)
Amorese et al. arXiv:1901.10808
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